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ABSTRACT 


This  was  a  feasibility  study  in  which  the  usefulness  of  urinalysis  for  the  assessment 
of  stress  in  parachutists  was  tested.  Eight  sport  parachutists  were  studied,  each 
collecting  urine  specimens  on  two  separate  occasions,  with  each  specimen  representing 
a  2-hour  period  which  included  ascent  to  altitude,  the  jump,  and  a  postjump  rest 
period.  The  urinary  determinations  included  epinephrine,  norepinephrine,  17-hydroxy- 
corticosteroids,  magnesium,  potassium,  sodium,  phosphorus,  urea,  and  creatinine. 
Creatinine  served  as  the  base  to  which  the  other  eight  constituents  were  referred. 
The  individual  urinary  constituents,  when  expressed  as  percent  of  respective  control 
values  and  averaged,  gave  a  single  value  for  the  endocrine-metabolic  response,  the 
so-called  stress  index  or  score.  Five  of  the  jumpers  were  novices  whose  jumps  were 
made  at  lower  altitudes  than  were  used  by  the  remaining  3  jumpers  who  were  highly 
experienced.  Sympathoadrenomedullary  stimulation  of  high  degree  was  evident  for 
all  but  one  of  the  jumpers,  but  few  of  the  jumpers  showed  evidence  of  adrenocortical 
stimulation  or  of  metabolic  hyperactivity.  The  stress  score  was  162%  for  the  novice 
group,  226%  for  the  experienced  group,  and  186%  for  the  entire  group.  The  latter 
value  differed  significantly  from  zero  (P  <  .001). 


EfflOffllB  KETASOUC  KSPOXSB  TO  PmtHUTIIIO 


L  INTRODUCTION 

From  the  medical  standpoint,  more  knowl¬ 
edge  is  needed  as  to  the  character  and  magni¬ 
tude  of  stress  responses  of  flying  personnel. 
Urinalysis  has  been  shown  to  be  a  practical 
means  for  quantifying  stress  responses  in  aero¬ 
space  operations  of  relatively  long  duration 
(5,  7,  9,  10),  but  its  usefulness  for  appraising 
short-duration  stress,  such  as  that  incurred 
during  parachuting,  seems  to  be  unsettled. 
Hatch  et  al.  (8) ,  who  used  a  battery  of  urinary 
determinations,  including  17-hydroxycorticoste- 
roids,  in  a  study  of  parachutists,  concluded  that 
the  endocrine-metabolic  change  associated  with 
jumping  from  training  towers  or  from  aircraft 
was  neither  widespread  nor  of  significant 
magnitude.  Bloom  et  al.  (2)  reported  that 
urinary  epinephrine,  but  not  norepinephrine, 
was  consistently  increased  when  parachutists 
(either  trainees  o^  instructors)  jumped  from 
towers  or  from  aircraft.  Both  of  the  above- 
mentioned  groups  of  investigators  used  urine 
specimens  that  represented  periods  of  3  to 
4  hours,  and  it  may  be  that  these  are  not  the 
most  suitable  time  intervals  for  accurate 
analysis.  The  present  effort  was  a  feasibility 
study  which  w*as  run  to  settle  questions  about 
the  usefulness  of  short-duration  urine  collec¬ 
tions  in  parachute  stress  studies,  thus  obtain¬ 
ing  guidance  for  definitive  studies. 

II.  METHODS 

Eight  members  of  a  sport  parachutist  group 
were  studied.  Three  were  experienced  jump¬ 
ers,  having  made  150  to  250  free-fall  jumps. 
The  remaining  5  were  novices  who  were  either 
on  their  “static  line”  or  “clear  and  pull”  jumps. 
Most  of  the  subjects  were  members  of  an  air¬ 
craft  maintenance  squadron;  so  control  data 


were  obtained  from  22  other  aircraft  mainte¬ 
nance  men  who  were  doing  accustomed  indoor 
work,  with  the  time  of  their  urine  collections 
either  the  same  or  almost  the  same  as  that 
for  the  parachutists.  Each  jumper  was  studied 
after  two  jumps  made  on  separate  days,  using 
urinary  specimens  that  represented  2-hour 
periods  which  began  just  before  the  time  of 
donning  the  parachute  preparatory  to  ascent  to 
altitude.  Each  specimen  represented  three 
events:  (a)  the  ascent  to  altitude;  (b)  the 
jump;  and  (c)  a  po3tjump  rest  period  (with 
the  jumpers  indoors,  because  the  tests  w.re 
made  in  winter).  Ascent  time  was  a  variable 
factor,  amounting  to  approximately  20  minutes 
for  the  novices  (who  went  to  altitudes  between 
2,800  and  3,500  feet)  and  to  approximately 
40  minutes  for  the  experienced  jumpers  (who 
went  to  altitudes  between  7,200  and  12,500 
feet).  To  facilitate  jumping,  the  door  of  the 
aircraft  had  been  removed  before  ascent;  con¬ 
sequently,  the  subjects  were  exposed  during 
ascent  to  a  90-m.p.h.  windblast,  with  air  tem¬ 
perature  ranging  from  0°  to  15°  F.  (  —  18°  to 
—  9°  C.). 

The  urine  specimens  were  collected  into 
dilute  hydrochloric  acid  (with  further  dilution 
to  give  standard  pH),  promptly  frozen,  and 
shipped  in  the  frozen  state  to  the  laboratory, 
where  they  were  analyzed  by  automated  means 
for  creatinine,  urea,  phosphorus,  potassium, 
and  sodium.  Additional  analyses  included 
magnesium  (12),  17-hydroxycorticosteroids 
(11),  norepinephrine  (3),  and  epinephrine  (3). 

III.  RESULTS 

Table  I  presents  the  urinary  data  for  the 
individual  parachutists,  with  the  inexperienced 
and  experienced  jumpers  identified.  Each 
value  for  the  individual  jumpers  is  the  average 
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Excretion  trends  for  parachutists 


•Quantity  per  100  mg.  creatinine,  unless  otherwise  indicated.  The  stress  Index  for  each  subject  is  the  average  of  the  eifht  urinary  constituents,  each  of  which  was  expressed 
percent  control  (Na/K  and  NE/E  were  rictus' **d  In  waking  this  computation  and  therefore  are  given  In  p  are  nth  nuns ) . 


of  two  determinations,  one  for  each  jump.  In 
addition,  the  mean  value  for  the  8-man  group 
is  presented  for  each  urinary  variable.  The 
control  values  are  the  means  for  the  22-man 
unstressed  group.  The  various  urinary  con¬ 
stituents  have  been  expressed  as  creatinine- 
based  ratios  (quantity  per  100  mg.  creatinine), 
following  a  practice  frequently  used  in  field 
studies  of  various  sorts,  including  flying  opera¬ 
tions.  Additionally,  an  overall  value  (the  so- 
called  stress  index  or  score)  has  been  derived 
for  each  jumper.  This  index  incorporates  the 
data  for  the  eight  urinary  constituents  (P,  Mg, 
K,  Na,  urea,  17-OHCS,  epinephrine,  and 
norepinephrine).  To  place  these  different 
variables  on  a  common  scale,  each  was  ex¬ 
pressed  as  percent  of  its  control  value,  after 
which  the  average  of  the  eight  values  was 
computed.  Because  the  special  ratios,  Na/K 
and  NE/E,  were  not  used  in  making  this  com¬ 
putation,  they  are  enclosed  in  parentheses  in 
the  table. 

High  interindividual  variability  is  evident, 
and  it  seems  to  have  been  greater  in  the  ex¬ 
perienced  subgroup  than  in  the  inexperienced 
subgroup.  For  example,  the  epinephrine  values 
for  the  experienced  jumpers  ranged  from  88% 
to  892%  of  the  control,  while  those  for  the 
inexperienced  jumpers  ranged  from  258%  to 
547%  of  the  control.  The  variability  in  nor¬ 
epinephrine  for  the  experienced  jumper*  also 
exceeded  that  for  the  inexperienced  jumpers. 
The  stress  scores  also  show  high  variability, 
and  the  experienced  jumpers  have  the  higher 
spread  in  scores. 

The  relatively  high  catecholamine  values 
imply  sytr  oathoadrenomedullary  hyperactivity, 
a  nonspecific  stress  response.  For  the  group 
as  a  whole,  the  epinephrine  and  norepinephrine 
values  amount  to  388%  and  484%  of  the 
respective  controls.  Compared  to  sympatho- 
adrenomedullary  responses  that  we '  have  ob¬ 
served  under  other  circumstances  (flying  or 
laboratory  stress  studies),  these  are  relatively 
high  in  magnitude.  Of  interest  is  the  finding 
that  the  experienced  subgroup  contained  both 
the  least  responsive  and  the  most  responsive 
of  all  the  jumpers,  as  judged  by  urinary 
epinephrine  and  norepinephrine  values.  Despite 
the  differences  in  their  catecholamine  values, 


these  two  jumpers  had  almost  identical  NE/E 
ratios — both  values  approaching  6.1,  a  value 
which  exceeds  the  control  value.  These  values 
are  relatively  high,  as  the  NE/E  ratio  for  the 
entire  group  of  jumpers  approximates  4.1,  as 
does  the  NE/E  ratio  for  the  control  group.  The 
NE/E  value  for  the  entire  group  is  the  mean 
of  the  eight  individual  NE  'E  ratios,  not  the 
ratio  of  the  mean  norepinephrine  and  mean 
epinephrine  values  (which  gives  a  slightly  low¬ 
er  value) . 

Adrenocortical  hyperactivity,  which  is  also 
a  nonspecific  stress  response,  was  not  con¬ 
sistently  indicated.  Only  3  of  the  8  jumpers 
had  17-OHCS  values  that  greatly  exceeded  the 
control  value.  Two  of  these  were  in  the  ex¬ 
perienced  subgroup,  and  their  17-OHCS  values 
amount  to  only  125%  and  173%  of  the  control 
value.  The  remaining  man,  an  inexperienced 
jumper,  had  a  value  amounting  to  211%  of  the 
control,  which  represents  an  adrenocortical 
response  of  fairly  high  magnitude. 

Metabolic  hyperactivity,  which  is  another 
nonspecific  stress  response,  was  not  generally 
evident.  However,  all  of  the  jumpers  had 
relatively  high  magnesium  values,  the  mean 
magnesium  value  for  the  entire  group  amount¬ 
ing  to  180%  of  the  control. 

The  individual  stress  scores  reflect  pri¬ 
marily  the  increases  in  urinary  catecholamines, 
but  the  other  urinary  variables  had  modifying 
influence,  tending  to  diminish  the  magnitude 
of  the  aggregate  endocrine-metabolic  response. 
The  stress  score  for  the  entire  group  amounts 
to  186%  of  the  control,  and  this  value  differs 
significantly  from  zero  (P  <  .001). 

IV.  DISCUSSION 

While  the  first  known  parachute  was 
designed  by  Leonardo  da  V'inci  in  the  14th 
century,  it  was  not  until  modern  times  that 
parachuting  came  into  its  own.  The  successful 
use  of  paratroops  jy  both  the  Axis  and  the 
Allied  armies  in  World  War  II  and  the  later 
development  of  free-fall  technics  in  France  led 
to  a  growing  interest  in  skydiving.  Because  of 
current  medical  interest,  various  approaches 
have  been  used  to  quantify  physiologic  reactions 
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to  parachuting.  Bloom  et  al.  (2),  who  made 
heart  rate,  blood  eosinophil,  and  urinary 
catecholamine  determinations,  reported  in¬ 
creases  in  heart  rate  and  urinary  epinephrine 
without  consistent  increases  in  urinary  nor¬ 
epinephrine.  The  present  results  differ  in  that 
there  were  consistent  increases  in  both  epi¬ 
nephrine  and  norepinephrine.  The  above-men¬ 
tioned  investigators  concluded  that  parachute 
stress  reactions  are  not  subject  to  habituation, 
basing  this  conclusion  upon  the  finding  that 
instructors  and  trainees  did  not  differ  signif¬ 
icant!  y  in  their  heart  rate  and  urinary 
epinephrine  responses  to  parachuting.  Never¬ 
theless,  Fenz  and  Epstein  (4),  who  monitored 
heart  rate,  galvanic  skin  resistance,  and  re¬ 
spiratory  frequency  immediately  before  and 
during  ascent  in  aircraft  and  again  after  com¬ 
pletion  of  a  jump,  found  that  inexperienced 
and  experienced  jumpers  were  clearly  differen¬ 
tiated  on  these  various  bases.  For  example, 
heart  rates  for  inexperienced  jumpers  in¬ 
creased  progressively  both  during  the  period  of 
flight  preparation  as  weil  as  during  ascent, 
while  heart  rates  for  experienced  jumpers  in¬ 
creased  progressively  in  the  preflight  period 
and  tended  to  plateau  during  ascent.  Schane 
and  Slinde  (13)  went  further,  monitoring  heart 


rate  during  free  fall  in  29  jumpers  who  made 
98  jumps.  They  found  that  the  tachycardia 
induced  by  free  fail,  contrary  to  expectation, 
increased  as  the  jumpers  gained  in  experience, 
and  this  was  interpreted  as  evidence  of  non¬ 
adaptation.  There  is,  therefoie,  basic  agree¬ 
ment  with  the  previously  mentioned  findings 
of  Bloom  et  al.  (2).  The  present  findings  for 
experienced  and  inexperienced  jumpers  seem  to 
be  in  accord  with  those  of  Schane  ar.d 
Slinde  (13)  in  that  the  experienced  jumpers, 
as  a  group,  showed  the  higher  sensitivity  to 
parachuting  as  judged  by  the  mean  stress  in¬ 
dex.  The  fact  that  one  experienced  jumper 
appeared  to  be  unresponsive  suggests  that 
adaptation  can  occur. 

Since  the  jumpers  in  the  present  study  were 
exposed  to  cold  air  during  the  ascent  to  alti¬ 
tude,  as  well  as  during  the  jump,  some  of  the 
stress  that  was  detected  may  have  been  cold- 
induced.  This  seems  likely  since  Arnett  and 
Watts  (1)  demonstrated  increases  in  urinary 
epinephrine  and  norepinephrine  excretion  in 
men  exposed  for  only  1  hour  to  mi!d  cold 
(6.5°  C.),  the  epinephrine  and  norepinephrine 
gains  amounting  to  180%  and  128%  of  the 
respective  control  values 
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norepinephrine,  17-hydroxycorti costeroids ,  magnesium,  potassium,  sodium,  phosphorus , 
urea,  and  creatinine.  Creatinine  served  as  the  base  to  which  the  other  eight  con¬ 
stituents  were  referred.  The  individual  urinary  constituents,  when  expressed  as 
percent  of  respective  control  values  and  averaged,  gave  a  single  value  for  the 
endocrine-metabolic  response,  the  so-called  stress  index  or  score.  Five  of  the 
Jumpers  were  novices  whose  Jumps  were  made  at  lower  altitudes  than  were  used  by 
the  remaining  3  Jumpers  who  were  highly  experienced.  Sympathoad re none dullary 
stimulation  of  high  degree  was  evident  for  all  but  one  of  the  Jumpers,  but  few  of 
the  Jumpers  showed  evidence  of  .adrenocortical  stimulation  or  of  metabolic  hyper¬ 
activity.  The  stress  score  was  162?  for  the  novice  group,  225?  for  the  experienced 
group,  and  186?  for  the  entire  group.  The  latter  value  differed  significantly  from 
zero  ( P  <  .001) . 
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